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Chart 20-1 Electrophilic Substitution Reactions 




1. Nitration: f |j + HN0 3 



j| + H 2 0 



2. Halogenation: j + Br 2 





3. Sulfonation: 




4. Mercuration: . | + Hg(OAc) 2 




HgOAc 



+ HOAc 



0 



O 



5. Thallation: + Ti(OCCF 3 ) 3 

6. Friedel-Crafts alkylation: 




Tl(OCCF 3 ) 2 || 

+ HOCCF 3 




+ C H 3 C1 




O 



7. Friedel-Crafts acylation: f | + CH 3 CC1 




MCI3 




CH 3 

O 

II 



+ HC1 



^ CH3 + HC1 



Among the more important types of electrophilic substitution are 

Friedel-Crafts alkylation and acylation, reactions that genera e C-C bonds 

to the benzene nucleus. They are discussed in detail in Chapter 22 

to the benzene n y^^ ^ ^ t of 

highly addic solvents, such as sulfuric acid, or of a special catalys t su h a 
aluminum chloride, which is a powerful Lewis acid. ^ ™ 8 £ • 

conditions are necessary to generate the strong electrophiles needed to attack 
the stabilized benzene function. 



2012 Activation and Orientation Rules 

If an electrophilic aromatic substitution reaction is run on a monosubstituted 
beSenedESitive instead of on benzene itself, we must ask two questions^ 

TOFoiinhr^^^ 
both questions. 

rule 1 activating substituents A benzene derivative substituted with an 
electron^donating substituent reacts more rapidly than benzene and gives a 




Synthetic Routes to Benzene Derivatives 
21-8 Synthesis with the N0 2 — > NH 2 Conversion 

The reduction of nitrobenzene derivatives to anilines is a key step in the 
diazonium-salt-mediated replacement of nitro by other functional groups. 
This reaction converts a meia-directing nitro group into an ortho-para- 
directing amino group. For this reason, its inclusion in a synthesis gives us 
one means of controlling orientation. Let us see how. 

Electrophilic aromatic substitution on nitrobenzene gives us meta 
isomers, as seen in Figure 21-2, Reduction of the nitro groups to amino groups 



34-11 PYRIDINE 



1235 



sens or other heteroatoms bonded together. The tetrazolee, with four bonded 

Xsaw some imidazole, pyrazine, and pyrimidine derivative, in Chapter 28. 
Other examples are 



HOCH 2 



^N^CH 3 



H 3 C 
H 3 C 




O 



Pyridoxal, 
vitamin B 6 



HN 



CH 2 

i 

(CHOH) 3 

CH 2 OH 

Riboflavin, 
vitamin B 2 



C0 2 H 




Folic acid 
(essential dietary factor) 



Problem 34-16 Give structures for : 
(a) 1,2,4-Triazene (b) 1,3.4-T-hiadiazole 



(c) Pentazole (unstable) 



3411 Pyridine 

The chemistry of pyridine and its homologs is the most 
field in heterocyclic chemistry. By examining a few of its Jj^JV£ C ™ 
find strong analogies with benzene chemistry, with one added feature, the 
tertiary amine function: 






Isoquinoline 

As an amine pyridine reacts with acids to form pyridinium salts, 
pyridinium salts. 



1 ' 1,1' 



1 ft 

1 $ ! 
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CHAPTER 34 NITROGEN, SULFUR. AND PH 



[^^^»RUS^ 



HX 





H X" 

pK a = 5.2 



H 2 0 2 




O- 



I 

J 
i 



RX 




Pyridine N-oxide 



f 

R X" 



derivative, Ming to undergo ^"^f^™™ vigorous conditions, 
fonation, nitration, or ha ogenat ™<£ m tne N „ x ide, 

Tdf 0° zrzx&zs^ * —* after reduc,ion (i 

of the N-oxide function: 



H 

1 




B r 2 , Ag 2 SQ 4 ^ 
or H j SO* 



"0 




-Br 




"O 



Br 



+ PC1 3 




N 



Br 

jf + POCI3 



^^^^^^^^^ 

gives 2-axninopyndine (Chichibabm r^ o rf ^ conjugatmg 

reactions occur easily in the 2 ana 4 P"* 111 
electron-withdrawing effect of the imine function. 



HO" + 




"N Br 



h 2 o , 

A 





I 

H 



Chichibabin reaction: 

ioo-zoo'c^ || I 
N- ^NH 2 




+ NaNH 2 





+ H" 




NH + Hj| 



34-12 THE CHEMISTRY OF PYRROLE, INDOLE, FURAN, AND THIOPHENE 
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The 2-aminopyridines exist primarily as the amine tautomer, as shown. 
The 2-hydroxypyridines prefer the pyridone tautomeric form in water, al- 
though the hydroxypyridine form may be more stable under other solvent 
conditions. The positions of these two tautomeric equilibria apply generally 
to heterocycles and provide a key feature of the molecular recognition respon- 
sible for the genetic code (Chapter 29): 




H 



2-Aminopyridine, more stable less stable 




H 

2-Pyridone, more stable 2-Hydroxypyridine, less stable 



Problem 34-17 Predict the products of the following reaction sequences: 

(a) 4-Bromopyridine + CH 3 I ► product + NH 2 CH 3 ► C 7 H 10 N 2 

base 

(b) 2-Methylpyridine + benzaldehyde ► C 13 H n N 

(c) Pyridine N-oxide + sodium cyanide ► C 6 H 4 N 2 

Problem 34-18 A 2- or 4-vinylpyridine has some of the properties of an 
acrylic ester. What properties do the two substances share? Explain. 



3412 The Chemistry of Pyrrole, Indole, Furan, and Thiophene 

The five-membered heterocycles vary markedly in their degree of aromatic 
stabilization : 




Pyrrole Indole Furan Thiophene 



Thiophene is the most stabilized and behaves very much like an activated 
benzene derivative, undergoing electrophilic substitution more readily in the 
2 than in the 3 position. Furan is the least stabilized and shows many prop- 
erties expected of a diene or an enol ether. It and many of its derivatives are 
readily polymerized by strong acids : 
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CHAPTER 



34 NITROGEN, SULFUR. ANDmOS^^S 



Br.-CH.QH^ H^r'V/H Addition, rather 
aHC0 > CH 3 O^O^OCH 3 than substitution 



O 




o 



h b 



The most 



Diels-Alder product 

abundant furan derivative is furfural, 



Furfural 

obtained by acidic decom P 0 t si " on t f t ^e X Tent that it undergoes substitution. 

activated benzene derivative : 

I I 

KHC0 3 ^ I^^N^I 



H 



o 



(CH^NCHO 



POCl 3 



H 



A Vilsmeyer reaction 



I 

H 



Hci o°c ■ ^jsr 



H 



Bee of i,s M 8 h - J^j^^r^^ 



sub- ; 



